The decrease in integration of transforming deoxyribonucleic acid (DNA) caused by ultraviolet irradiation of the DNA was found to be independent of the presence or absence of excision repair in the recipient cell. Much of the ultravioletinduced inhibition of integration resulted from the presence in the transforming DNA of pyrimidine dimers, as judged by the photoreactivability of the inhibition with yeast photoreactivating enzyme. The inhibition of integration made only a small contribution to the inactivation of transforming ability of the DNA by ultraviolet radiation.
The decrease in integration of transforming deoxyribonucleic acid (DNA) caused by ultraviolet irradiation of the DNA was found to be independent of the presence or absence of excision repair in the recipient cell. Much of the ultravioletinduced inhibition of integration resulted from the presence in the transforming DNA of pyrimidine dimers, as judged by the photoreactivability of the inhibition with yeast photoreactivating enzyme. The inhibition of integration made only a small contribution to the inactivation of transforming ability of the DNA by ultraviolet radiation.
Ultraviolet irradiation of deoxyribonucleic acid (DNA) in solution decreases its transforming ability and, except at very large doses, most of this biological effect is caused by formation of pyrimidine dimers (13) . To understand the mechanism of this inactivation, we must know how ultraviolet irradiation affects the various steps in transformation, such as DNA penetration and integration. DNA penetration is relatively resistant to radiation (6) . Notani and Goodgal (6) have, however, obtained evidence that ultraviolet irradiation decreases integration of transforming DNA into wild-type Haemophilus influenzae. They measured integration by observing the increase in amount of radioactivity from labeled transforming DNA that sedimented with the recipient DNA, as a function of the time of incubation of transforming DNA and competent cells. Since it is known that ultraviolet-induced pyrimidine dimers in transforming DNA violet-sensitive mutants, one of which cannot carry out excision (11) . We found that inhibition of integration is indeed induced by ultraviolet irradiation, but this inhibition makes only a small contribution to the inactivation of transforming DNA. Furthermore, the presence or absence of a repair mechanism has no effect on the magnitude of the ultraviolet-induced decrease in integration, although it has a profound effect on the survival of transforming ability (10) . Integration of irradiated transforming DNA may be increased by photoreactivation with yeast photoreactivating enzyme. Since the biological effect is known to result from the monomerization of pyrimidine dimers (9) , such dimers are clearly responsible for some of the observed loss of integration. Steinhart and Herriott (15) have developed a new method of measuring DNA integration based on the loss of radioactive label from fully labeled competent cells after these cells are exposed to transforming DNA. They showed that the recipient DNA lost to the medium during transformation is equivalent to the amount of donor DNA integrated (15, 16 (14) and once with MIV medium (15) , and finally resuspended at a concentration of about 8 X 108/ml in 2 ml of MIV medium. Washed cells were incubated for 100 min at 37 C with vigorous aeration. The resulting competent culture was centrifuged and washed once with MII medium (14), and finally was resuspended at a concentration of 4 X 108 to 8 X 108/ml in MII medium. The cells were then incubated at 37 C with irradiated or nonirradiated DNA (containing a streptomycin marker) at a final concentration of 1 ,ug/ml in a total volume of 0.5 to 0.6 ml. Control cells were incubated without DNA.
Deoxyribonuclease at a concentration of 1 ug/ml was added to all samples after 9.5 min of incubation. After various times, 0.1-ml samples were added to 0. of the fraction of the cells transformed to streptomycin resistance. Ultraviolet irradiation and photoreactivation of the DNA were carried out as previously described (10) . Photoreactivating enzyme from yeast (about 0.3 ,g/ml) prepared according to Muhammed (5) was added to irradiated DNA at a final concentration of 6.6 pg/ml. The time of photoreactivation was about 2 hr at 37 C, more than enough to monomerize all the dimers in the DNA. Samples were also incubated in the dark for the same length of time, as a control.
RESULTS AND DISCUSSION Results of a typical experiment with wild-type H. influenzae are shown in Fig. 1 , in which the radioactivity released from the cells is plotted against time of incubation of cells with transforming DNA. Considerably more radioactive material was released from cells exposed to nonirradiated DNA than from cells not exposed to DNA; irradiated DNA caused less release than nonirradiated DNA. In the experiments of Steinhart and Herriott (15) , the rate of radioactivity release from cells exposed to DNA decreased and became about the same as that of the control cells after about 40 min of incubation. We did not observe such a phenomenon, either in wildtype H. influenzae (Fig. 1 ) or in the mutant strains (Fig. 3) . We are unable to explain these differences. We have concluded that we cannot explain the difference between our results and those of Steinhart and Herriott on the basis of continued entrance of DNA into the cells beyond the time (9.5 min) at which the enzyme was added to degrade the DNA that was outside the cells, because deoxyribonuclease at a concentration 100 times the usual concentration did not change the kinetics of the radioactivity release. Figure 2 shows the results of a control experiment confirming the conclusion of Steinhart and Herriott that the additional release of radioactivity caused by exposure of competent cells to homologous DNA is closely involved in the transformation process. The recipient cell (Fig.  2 ) was DB1 17, in which the level of transformation is about 10-7 that of wild-type H. influenzae, although the cells take up DNA normally (11) . Figure 2 shows clearly that addition of homologous DNA caused no increase in radioactivity in the filtrate of DB1 17. We conclude that DB1 17 is defective in integration of transforming DNA. This conclusion is in accord with previous work on this mutant, which has shown that there is no Some results of an experiment similar to those of Fig. 1 and 2 with the mutant DB116 are presented in Fig. 3 3 . Kinetics of release of radioactivity into the medium from H. influenzae strain DB116. Ultraviolet irradiation ofthe DNA was at 254 nm. The total radioactivity in the solution was 13,100 counts/min, and the percentage transformation from the unirradiated DNA was 0.7. The exponentially growing (noncompetent) cells were either exposed (A) or not exposed (0) to transforming DNA. influenzae, ultraviolet radiation decreased the radioactivity release caused by exposure to transforming DNA. Figure 3 also illustrates the radioactivity release from exponentially growing DB1 16 cells that were or were not exposed to transforming DNA. The specific release of label assumed to be caused by integration of transforming DNA was not found in such cells, or in exponential wild-type cells, which agrees with the fact that almost no cells in the exponential phase of growth take up DNA (G. Price and J. K. Setlow, unpublished) or can be transformed (3).
Representative data on three strains of H. influenzae are shown in Fig. 4 , where percentage integration is plotted against ultraviolet dose. The percentage integration was calculated in the following way from data such as those of Fig. 1  and 3 . Radioactivity in the filtrate at 20 min was read off the whole curve (which was always a straight line starting at 20 min or earlier). This particular time was chosen because it is well within the time that Steinhart and Herriott found to be the duration of specific release resulting from exposure to homologous DNA. The difference between the radioactivity release in the experimental and control (no DNA) samples was taken as 100% ,and the integration resulting from the irradiated DNA was compared with it. No difference was observable in the effect of ultraviolet irradiation on DNA integration in the three strains of H. influenzae (Fig. 4) . Thus, the cell's ability to excise ultraviolet-induced pyrimidine dimers, which is important in the survival of ultraviolet-irradiated transforming DNA (11), plays no part in the resistance of DNA to loss of integration by irradiation. Furthermore, the defect in DB1 15, which consists in slow rejoining of single-strand gaps in its DNA made by excision of pyrimidine dimers (11), also seems to have no influence on the sensitivity to integration loss. These results are in accord with previous work indicating that all repair of transforming DNA takes place after integration (Setlow and Beattie, unpublished) .
From the data of Fig. 4 , it is possible to assess the contribution by loss of integration to the biological inactivation of transforming DNA by ultraviolet irradiation. A dose of 5,000 ergs/mm2 at 254 nm to the DNA reduced the integration to about 50%, whereas the survival of the very resistant cathomycin marker on transforming DNA irradiated with such a dose and assayed on DB116 is about 0.7% (10) . Obviously, the contribution of the loss of integration to inactivation of the DNA is a minor one. Even with the wild-type recipient, the transformation to cathomycin resistance is inactivated down to about 6% after such a dose (10) . Thus, much of the ultraviolet inactivation of transforming DNA must result from processes that occur, or do not occur, after integration. Except after enormous ultraviolet doses, more than 90% of the biological damage assayed in excising and nonexcising strains is the result of pyrimidine dimers (10) .
Because there is evidence that pyrimidine dimers in transforming DNA are incorporated into the recipient genome (1, 11), we conclude that either some of these are not repaired in the wild-type cell, or a certain number are not repaired correctly.
Notani and Goodgal (6) found that only about 25% of the integration of radioactively labeled transforming DNA remained after a dose similar to the one that yielded 50% survival of integration in our experiments. The lower figure in their experiment may reflect the loss of labeled material by excision of dimers from integrated transforming DNA. Our failure to find a strain difference in the loss of integration suggests that little or none of the released host radioactivity is reincorporated in subsequent synthesis. The lack of strain difference also suggests that there is little breakdown of recipient DNA resulting from excision of dimers in integrated donor DNA.
Notani and Goodgal suggested that the photochemical event responsible for the decrease in integration is a cross-link between DNA strands. Since it is now believed that single-stranded pieces of transforming DNA become integrated (7), cross-links would be expected to interfere with the strand separation that must occur in integration. At doses such as 5,000 ergs/mm2, however, there are few cross-links in DNA (8) . Data presented in Fig. 5 show that, after moderate doses (such as 104 ergs/mm2), much of the integration loss is photoreactivable. Therefore, at such a dose about two-thirds of the photochemical lesions produced, which cause DNA to lose its ability to be integrated, must be pyrimidine dimers. Above this dose, the rate of formation of pyrimidine dimers begins to drop off, and the number of dimers finally reaches a saturating level (17) . As a result, the relative number of other photoproducts increases, and the photoreactivability would be expected to decrease (Fig.  5 ). It must be pointed out, however, that there is considerable uncertainty in the measurement of integration after high doses. Since ultravioletinduced cross-links in DNA are not photore- (12) . It is an interesting coincidence that this is the same number given for "excluded length" in H. influenzae transformation (4). The "excluded length" is a number derived from an investigation of DNA length and transformation efficiency (4) , and represents the maximal length that is too short for integration.
We conclude that pyrimidine dimers in transforming DNA inhibit integration, but only partially, and that the inhibition is independent of repair mechanisms. Some dimers become integrated, and some of these integrated dimers inhibit the transformation process. The extent of this type of inhibition depends to a large extent on the repair capacity of the recipient cell. Some dimers may be more important than others for integration inhibition. These could be dimers close to or in a region important for pairing of transforming DNA with the recipient genome, a process that presumably must precede physical integration.
